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A MIXED POLYMER COMPOSITION COMPRISING A 
CRYSTALLIZABLE POLYESTER POLYMER COMPOSITION AND AN 
AROMATIC POLYCARBONATE; AND FOAMABLE COMPOSITIONS AND 
THE CLOSED CELL POLYMER FOAMS MADE THEREFROM 

Field of the Invention 

The invention relates to a mixed polymer 
composition comprising: at least 90 wt.% of a 
crystallizable polyester polymer composition and 
aromatic polycarbonates; and foamable compositions and 
the closed cell polymer foams made therefrom. In 
particular, there is provided a crystallizable 
crosslinked polyester polymer blended with an aromatic 
polycarbonate to provide enhanced melt strength to 
polyesters, and the closed cell polymer foams made 
therefrom simultaneously having improved impact strength 
and lower density. 
Background of the Invention 

Foamed sheets of polyester are often made by 
extruding a polyester composition out of an annular die 
and over a "cooling can" after which the somewhat cooled 
polyester is cut to form a sheet that is taken up on a 
roll, A common problem encountered in extruding molten 
polyester onto a moving belt is that the polyester 
extrudate tears as it is being pulled over the cooling 
can. This type of failure is often due to the lack of 
adequate polyester polymer melt strength, A polyester 
polymer possessing high melt strength resists the 
tendency of tearing or ripping when subjected to tensile 
forces. Accordingly, it would be desirable to increase 
the melt strength of an extrudable polyester polymer to 
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allow a continuous take up of foamed sheet onto a roll 
and reduce the down time needed to re-align a torn 
extrudate onto or over a cooling can. 

U.S. Patent No. 4,544,677 is directed to foamable 
5 thermoplastic compositions made with a mixture of 

polycarbonate resins, optionally polyester resins, a 
foaming agent, and a nucleating agent having a specific 
aspect ratio. The optional polyester resins disclosed 
are linear, and additional amounts of acid or glycols 
10 could be added in amounts ranging from 0.5 wt . % to 50 

wt.% based on the total composition. We have found, 
however, that linear polyesters are not well suited to 
extruding foamed sheets because the resin composition 
has insufficient melt strength. Without sufficient melt 

15 strength and die swell, the molten resin both rips and 

tears as it is pulled over or onto the cooling can, and 
fails to yield a product with low density. Certain 
foaming methods, such as injection molding techniques as 
described in U.S. Patent No. 4,544,677, do not require 

20 the use of a resin of great melt strength because the 

resin is not placed under tension or taken up during the 
foaming of the resin. Accordingly, there remains a need 
to develop a resin which has high melt strength. 
U.S. Patent No. 5,360,829 discloses foamed 

25 polyester sheets made from amorphous polyesters, 20 to 

100 parts by weight of a polycarbonate resin based on 
100 parts by weight of the polyester, and a nucleating 
agent in order to impart to the foamed sheet a uniform 
cellular morphology and a high foaming ratio while 

30 maintaining its. mechanical properties and dimensional 

stability. The patentees noted that when crystalline 
polyesters were blended with polyolefins, the cellular 
morphology of the resulting foamed sheets was not 
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uniform, and the foaming ratio was too low. Accordingly, 
the patentees recommended using amorphous polyesters in 
combination with polycarbonates to overcome this 
deficiency. Amorphous polyesters, however, even in 
foamed compositions, suffer the drawback in that they 
are excluded from being used in high temperature 
applications. It would be desirable to find an 
alternative polyester composition that possesses high 
melt strength without this noted deficiency. 

. The foamed sheets of polyester find a number of 
consumer uses, many of which subject the polyester foam 
sheet to high impacts. Therefore, it is also desirable 
to make a polyester foam sheet which has high impact 
strength. One way of doing so is to increase the density 
of the polyester foam, either by increasing the amount 
of polymer per unit volume, or by adding reinforcing 
agents. Neither method is an attractive solution. Both 
increase the cost of the foam. Further, in the latter 
method, the amount of reinforcing agent that can be 
added is limited by the increase in viscosity to the 
polymer melt resulting from the reinforcing agent. 

Attempts to decrease the density of the polyester 
foam have also lead to a corresponding decrease in the 
impact strength of polyester foams. It would be highly 
desirable to make a polyester polymer that overcomes 
this long-standing direct relationship between the foam 
density and impact strength; that is, there exists a 
need to make a polyester foam that simultaneously has a 
low density and an improved impact strength. 
Accordingly, in addition to making a polyester polymer 
which processes well by virtue of its high melt 
strength, as an additional embodiment, it is desirable 
to make a polyester foam sheet, and a thermoformed 
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article from the sheet, which has a good cellular 
structure, low density, and high impact strength. 

U.S. Patent No. 5,502,119 suggests stabilizing 
blends of polyesters and aromatic polycarbonates with a 
5 particular organosilicate . The types of polyesters 

described therein are not crosslinked types of 
polyesters. U.S. Patent No. 5,504,130 describes filled 
thermoplastic compositions where about 15-50% of at 
least one poly (phenylene ether) resin is compatibilized 

10 with about 20-80% of at least one polyester resin by 

using from 3-50%, preferably of from about 8-20%, of an 
aromatic polycarbonate having a weight average molecular 
weight of at least about 40,000. These patents, however, 
do not address the problem of how to improve the melt 

15 strength of polyester compositions, or how to 

additionally make foamed sheets having good cellular 
uniformity and high impact strength at low density. 
Summary of the Invention 

There is now provided a mixed polymer composition 

20 comprising: a) at least 90 wt.% of a crystallizable 

polyester polymer composition consisting of polyester 
polymers, said polyester polymers comprising crosslinked 
polyester polymers, and at most 10 wt.% of one or more 
aromatic polycarbonate polymers, preferably from 0.01 to 

25 2.0 wt.%, more preferably from 0.05 wt.% to 1.5 wt.% of 

one or more aromatic polycarbonate . polymers , all amounts 
based on the weight of all polymers in the mixed polymer 
composition. 

This polymer mixture has a high melt strength and 
30 can be extruded and pulled across, over, or through a 

die with a low frequency of ripping or tearing. 

There is also provided a foamable composition 
comprising a blowing agent and the mixed polymer 
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composition. 

Processes for extruding the mixed polymer 
compositions, making a foamed sheet and thermof orming 
the foamed sheet made with the mixed polymer composition 
in the presence of a blowing agent are also included. 

An unexpected further advantage observed in the 
closed cell foamed polymers is that they had a more 
uniform, fine, and closed cell morphology; and were 
thicker and less dense than the same closed cell foams 
made only with linear polyesters as the. polyester 
component or without the aromatic polycarbonate. The 
thermoformed sheets made from the foamed sheets using 
this composition also had a higher impact strength 
compared to the same thermoformed sheets made only with 
linear polyesters as the polyester component or without 
the aromatic polycarbonate. 
Detailed Description of the Invention 

The foamable composition optionally comprises 
additives, such as impact modifiers, fibers, 
stabilizers, and f lame-retardants . The foamable 
composition for purposes of calculating amounts of each 
ingredient includes the sum total of all ingredients 
used in the embodiment. 

The mixed polymer composition optionally comprises 
hydrocarbon polymers and oligomers having only carbon, 
hydrogen, oxygen, and nitrogen, .other than impact 
modifiers . 

The polyester composition comprises a crosslinked - 
polyester polymer, and optional other polyester 
polymers . 

The closed cell polymer, and the mixed polymer 
compositions of the invention, are thermoplastic or 
pseudo thermoset polymers having some thermoplastic 



WO 99/47603 



PCT/EP99/01790 



characteristics. The mixed polymer compositions, due to 
their thermoplastic character, can be pelletized and 
subsequently melt extruded, optionally, further advanced 
-to a thermosetting polymer or a reversible thermoset 
5 upon reaction with further crosslinking monomers or 

heat. Preferably, the polyester polymer is thermoplastic 
in its consumer article state. 
The Polyester Composition 

The a) polyester composition contains aromatic 
10 polyesters, aliphatic polyesters, cycloaliphatic 

polyesters, or mixtures thereof. The polyester polymers 
in the polyester composition are preferably derived from 
at least 50 mole % or more of aromatic polycarboxylic 
acids, based on the total number of polycarboxylic acids 
15 used, more preferably 80% or more, most preferably 100%, 

based on the weight of all polycarboxylic acids. 

The a) polyester composition in one embodiment is 
crystallizable, and it is preferably, but not 
necessarily, crystallizable when one employs only 2 wt . % 
20 or less of an aromatic polycarbonate and at least 90 

wt.% of polyester polymers based on the weight of the 
whole mixed polyester composition. By a crystallizable 
polyester composition or polymer, or a crystalline 
polyester composition or polymer, is meant one has the 
25 capacity to attain, or which has a degree of 

crystallinity, respectively, of at least 15%, and 
preferably at least 20%, cooled to and measured at 25° 
and at about 1 atmosphere. The % crystallinity is 
conveniently determined by DSC, Differential .Scanning 
30 Calorimetry. In more preferred embodiments, the degree 

of crystallinity is at least 15% at 40°C,.most 
preferably at least 15% at 60°C. It is within the scope 
of one embodiment of the. invention to provide- a mixed 
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polymer composition comprising a polyester composition, 
which may be amorphous for applications which are not 
subjected to high temperatures. 

The mixed polymer composition comprises an a) 
5 polyester composition at least a portion of which must 

contain crosslinked polyester polymers* The crosslinked 
polyester polymers may be aromatic, aliphatic, or 
cycloaliphatic . The crosslinked polyester polymer is 
preferably an aromatic crosslinked polyester polymer in 

10 an amount of 50 wt . % or more, more preferably 8 0 wt.% or 

more, most preferably 100 wt.%, based on the weight of 
the polyester polymer composition. 

By a crosslinked polyester polymer or a crosslinked 
polyester composition is meant a polymer or a 

15 composition containing polymers derived from a 

crosslinking agent having active hydrogen 
functionalities effective to form ester-linkages. The 
crosslinking agent has an average ester linkage forming 
functionality of greater than two, preferably greater 

20 than 2.5, more preferably 3.0 or more. The crosslinking 

agent provides a degree of crosslinking, which improves 
the melt strength of a molten polyester composition 
exiting a die head, as well as improving the impact 
strength of the resulting foam. Accordingly, one may 

25 react a polycarboxylic acid containing an average 

carboxylic acid functionality of greater than two, with 
a diol monomer. Alternatively, a dicarboxylic acid can 
be used to react with a polyol containing an average 
hydroxyl functionality of more than 2. Or, if desired, a 

30 mixture of di- and higher polycarboxylic acids' can be 

made to react with a mixture of di- and higher polyols. 

The particular structure of the crosslinking agent 
is not limited, so long as the average active hydrogen 



BNSDOCID: <WO 9947603A1 I > 



WO 99/47603 



PCT/EP99/01790 



functionality is greater than 2. In general, those 
molecules having C1-C19 alkyl, alkaryl, aralkyl, 
cycloaliphatic, or aromatic moieties are suitable. 
Preferred crosslinking agents are the carboxylic acid 
5 and hydroxyl functional compounds. 

Illustrative examples of the polycarboxylic acids 
having an average functionality of greater than 2 are 
benzenetricarboxylic acid, , benzophenone 
tetracarboxylic acid, oxoisophthalic acid, pyromellitic 

10 acid, trimesic acid, trimellitic acid, citric, acid, the 

anydrides or salts thereof, or mixtures thereof. 
Dicarboxylic acids may also be mixed with these acids to 
achieve the desired functionality. Instead of using the 
free acids, the corresponding polycarboxylic acid 

15 derivatives may also be used such as polycarboxylic acid 

mono-, di-, tri-, or higher esters of alcohols with 1 to 
4 carbons . 

Illustrative examples of polyol monomers having a 
nominal functionality of greater than two are 

20 trimethylolethane, 1, 2, 6-hexanetriol, alpha -methyl 

glucoside, glycerine, sucrose, glucose, mannose, 
fructose, trimethylol propane, mannitol, sorbitol, 
pentaerythritol, and the higher molecular weight 
polyoxyalkylene polyether adducts made by reacting these 

25 polyols with alkylene oxides. The higher functional 

polyols can be mixed together to provide blends having 
the desired functionality, such as blends, of glycerine 
and sucrose, or blends of pentaerythritol. and glycerine 
or trimethylol propane. Alternatively, the higher 

30 functional polyols can be mixed with diols to provide a 

blend having the desired, functionality, such as ethylene 
glycol blends ..with glycerine, pentaerythritol, and/or 
sucrose. Suitable diols for admixture are those 
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mentioned below with respect to making linear polyester 
polymers. 

The amount of the crosslinking agent used is 
effective to improve the melt strength of the 
5 composition at the die head. Suitable amounts of the 

crosslinking agents in the polyester composition range 
from 0.01 to 5.0 mole% of crosslinking agent based on 
the total moles of all monomers used to make the a) 
polyester composition. The large improvement in melt 

10 strength is observed using amounts of crosslinking agent 

as low as from 0.05 to 1.0 mole%. On a weight 
percentage, the amount of the crosslinking agent is 
preferably less than 1.0 wt . % based on the weight of the 
a) polyester composition, more preferably 0.2 wt . % or 

15 less, most preferably 0.15 wt . % or less, especially when 

the crosslinking agent has an average molecular weight 
of 150 or less. 

The remainder of the a) polyester composition 
comprises any of the know polyester polymers. Other 

20 suitable polyester polymers are those which contain 

repeat units which are derived from diacids other than 
terephthalic acid and/or glycols in addition to or other 
than ethylene glycol. For instance, other suitable acids 
include isophthalic acid, naphthalenic dicarboxylic 

25 acid, 1, 4-cyclohexane dicarboxylic acid, 1 , 3-cyclohexane 

dicarboxylic acid, succinic acid, glutaric acid, adipic 
acid, sebacic acid, 1, 12-dodecane dioic acid, and the 
functional acid derivatives thereof such as the 
dimethyl, diethyl, or dipropyl esters of the 

30 dicarboxylic acids. Further, the anhydrides or the acid 

halides of these acids may be employed. 

In addition to the commonly used ethylene glycol 
and diethylene glycol monomer for making an aromatic 
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polyester polymer, other suitable diol residues include, 
in addition to or replacing, but preferably only up to 
20 mole percent, the linear diols such as propylene 
glycol, 1,3 propane diol, triethylene glycol, 2,4- 
5 dimethyl -2 -ethylhexane-1, 3-diol, 2-ethyl-2-butyl-l, 3- 

propane diol, 2-ethyl-2-isobutyl-l , 3-propane diol, 1,3- 
butane diol, 1,4-butane diol, 1,5-pentane diol, 1,6- 
hexane diol,, 1,2-, 1,3- and 1 , 4-cyclohexane dimethanol, 
2, 2, 4, 4-tetramethyl-l, 3-cyclobutane diol, 1 , 4-xylylene- 

10 diol, and the longer chain diols and polyols. 

Any method of making the a) polyester composition 
is included- within the scope of the invention. 
Conventional methods include reacting the acid or its 
ester derivative with the glycol/polyol component or its 

15 ester forming derivative under heat in the presence or 

absence of an ester-interchange catalyst or an 
esterif ication catalyst, and then heating in the 
presence of a polymerization catalyst. The crosslinked 
polyester polymer may be separately manufactured, 

20 isolated, and subsequently added to a linear polyester 

composition, or the a) polyester composition can be 
crosslinked in situ by adding the crosslinking agent to 
the monomers during the manufacture of the polyester 
composition, preferably the latter for ease of handling 

25 and processing. 

The operating conditions for the polyester 
polymerization are generally known to those skilled in 
the art of preparing polyester polymers and copolymers. 
The polymerization temperature is generally from about 

30 250°C to about 2 95°C, depending upon the monomer units 

present, and is preferably operated in the range of 265° 
C to 285°C. The pressure used for the polycondensation 
reaction is gradually reduced-over the course of the 
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reaction, from atmospheric pressure to a high vacuum of 
less than 0.13. kPa (1 Torr) . In another embodiment, the 
polyester polymer may be made under transesterif ication 
conditions, which are also known to those in -the art. 
5 Suitable polymerization catalysts include the 

compounds of lithium, sodium, potassium calcium, barium, 
magnesium, manganese, cobalt, germanium, antimony, lead, 
tin, copper, titanium, palladium, platinum, gold, or 
silver. Preferable as catalysts are those compounds 

10 which can be reduced to elemental form which may assist 

in the reduction of cycle times in the mold or the time 
required to re-heat the polyester polymers in such 
operations as blow molding. Particularly preferable are 
antimony compounds, such as antimony trioxide and 

15 antimony acetate. 

Stabilizers can be added which include phosphoric 
acids, phosphorous acids, orthophosphoric acids, 
phosphonic acids, and derivatives of these such as 
triphenyl phosphite, trimethyl phosphate, triphenyl 

20 phosphate, dimethyl mono-p~hydroxyethyl phosphate, mono- 

methyl di-p-hydroxyethyl phosphate, tri-p-hydroxyethyl 
phosphate, phenylphosphonic acid, and dimethyl 
dibenzylphosphonate . The preferred stabilizers are those 
which are capable of reducing the polyester 

25 polymerization catalyst compound to its metallic 

elemental form. 

The process for polymerization is preferably 
carried out with the use of a "heel." The heel is an 
esterif ication product recycled to the initial stages of 

30 the esterif ication reaction to increase the solubility 

of the dicarboxylic acid, thereby increasing the 
reaction rate of the dicarboxylic acid and the diol. The 
use of a heel is explained in U.S. Pat. No. 4,020,049 
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(Rinehart), and may be applied to both continuous and 
batch manufacturing processes. 

The molecular weight of the copolymers produced by 
the process of this invention may be increased by 
polymerization in the solid state. The solid state 
polycondensation reaction is conducted at temperatures 
from about 190°C to about 250°C, in the presence of an 
inert gas (e.g. nitrogen). The inert gas serves to 
remove reaction byproducts, such as excess diol and 
water. The solid state polymerization reaction is 
generally continued until the polymer reaches an 
intrinsic viscosity of 0..65 dl/g or more. The intrinsic 
viscosity of the polyester polymer composition, as well 
as the intrinsic viscosity of the crosslinked polyester 
polymer, suitably ranges from 0.65 to 1.75 dl/g, more 
preferably from 0.95 to 1.5 dl/g. 

The polyester copolymer produced in the melt 
polymerization process preferably contains a carboxyl 
content that provides an enhanced solid state 
polymerization rate. A method for producing polyester 
polymers with an optimum carboxyl content is described 
in U.S. Pat. No. 4,238,593 (Duh) . 
The Polycarbonates 

Any conventional aromatic polycarbonate composition 
25 is suitable for use in the invention. Both linear" and 

branched aromatic polycarbonates are suitable for use in 
the invention. Linear aromatic polycarbonates improve 
the impact strength of foamed sheets. The impact 
strength of foamed sheets at both room temperature and 
30 at -20°C, however, can be improved by using branched 

aromatic polycarbonates. The particular polycarbonate 
chosen may depend upon the application and desired 
properties, but where the end use is in contactwith 
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food, FDA approved polycarbonates are the material of 
choice. 

Aromatic polycarbonates are materials known per se. 
They are generally prepared by reacting a dihydric 
phenol compound with a carbonate precursor, for example, 
phosgene, a halogen formate or a carbonate ester, 
according to the procedures and materials identified in 
U.S. Pat.' Nos. 4, 098,750, 4, 123, 436, 3, 169,121, and U.S. 
Pat. No. 3,153,008. 

Aromatic polycarbonates are polymers that comprise 
units of the formula: 

O 
II 

^— O A O— C > 



20 



n 



wherein A is a multivalent aromatic radical derived from 
the polyhydric phenol used in the preparation of the 
15 polymer, and n represents the number of repeat carbonate 

units. Mononuclear or polynuclear aromatic compounds 
which comprise two or more hydroxy radicals, which are ' 
each directly bonded to a carbon atom of an aromatic 
nucleus, may be used as polyhydric phenols in the 
preparation of the aromatic polycarbonates. 

Examples of suitable dihydric phenols are: 2,2-bis- 
( 4 -hydroxyphenyl) propane; 2, 2-bis (3, 5-dimethyl-4- 
hydroxyphenyl) propane; 2, 2-bis (3, 5-dibromo-4- 
hydroxyphenyl) propane; 2, 2-bis (3, 5-dichloro-4- 
25 hydroxyphenyl) propane; hydroquinone; resorcinol; 2,2- 

bis- (4-hydroxyphenyl) pentane; 2 , 4 1 - (dihydroxy 
diphenyl) methane; bis (2-hydroxyphenyl) methane; bis- (4- 
hydroxyphenyl) methane; bis- ( 4-hydroxy-5- 
nitrophenyl) methane; 1, 1-bis- ( 4-hydroxyphenyl ) ethane; 
3, 3-bis (4-hydroxyphenyl) pentane; 2, 6-dihydroxy 



30 
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naphthalene; bis- ( 4-hydroxydiphenyl ) sulfone; bis - (3, 5- 
diethyl-4-hydroxyphenyl) sulfone; 2, 2-bis- (3, 5-dimethyl- 
4-hydroxyphenyl) propane; 2,4 ' -dihydroxyphenyl sulfone, 
5 1 -chloro-2, 4 • -dihydroxydiphenylsulf one; bis- (4- 
5 hydroxyphenyl) diphenyl sulfone; 4 , 4 1 -dihydroxydiphenyl 

ether; 4 , 4 f -dihydroxy-3, 3-dichlorodiphenyl ether; 4,4'- 
dihydroxy-2, 5-dihydroxy diphenyl ether. The aromatic 
polycarbonates can also be used as mixtures of the 
aforementioned polycarbonates. Particularly useful 
10 aromatic polycarbonates are those derived from Bisphenol 

A. 

The branched aromatic polycarbonates suitable for 
use in the invention are any of those commercially 
available. Their method of manufacture are known. In 

15 general, the branched aromatic polycarbonates may be 

made by reacting a carbonate precursor , for example, 
phosgene, a halogen formate or a carbonate ester with a 
branching agent having more than two active hydroxyl 
functionalities. Examples of branching agents having 

20 more than two active hydroxyl functionalities are the 

polyol crosslinking agents mentioned above with respect 
to the crosslinked polyester polymer. Alternatively, the 
branching on the branched aromatic polycarbonate may be 
provided by employing a branching agent having only two 

25 active hydrogen functionalities but with a highly 

branched non-reactive alkyl, cycloalkyl, alkaryl, 
aralkyl, or aryl network such as those described in U.S. 
Patent No. 4,469,861. Examples of these non-reactive 
branching sites to make a branched aromatic 

30 polycarbonate are C 2 -Ci 0 alkyl, C5-C15 cycloalkyl, or C 6 - 

C 2 o aryl, aralkyl, or alkaryl aromatic branches. 

The term polycarbonate is also intended . to embrace 
polyesterpolycarbonates (PCC) . The PCC's for use in the 
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invention are known and some can be obtained 
commercially . Generally, they are copolyesters 
comprising recurring carbonate groups and aromatic 
carbocyclic groups in the linear polymer chain, in which 
5 at least some of the carboxylate groups and at least 

some of the carbohate groups are bonded directly to ring 
carbon atoms of the aromatic carbocyclic groups. These 
poly (ester-carbonate) copolymers, in general, are 
prepared by reacting a difunctional carboxylic acid, 

10 such as phthalic acid, isophthalic acid, terephthalic 

acid, homophthalic acid, o-, m-, and p-phenylenediacetic 
acid, 2, 6-naphthalene dicarboxylic acid, mixtures of any 
of the foregoing, and the like with a dihydric phenol 
and a carbonate precursor, of the types described above. 

15 A particularly useful polyester carbonate is derived 

from bisphenol-A, isophthalic acid, terephthalic acid, 
or a mixture of isophthalic acid and terephthalic acid, 
or the reactive derivatives of these acids such as 
terephthaloyl di-chloride, isophthaloyl dichloride, or a 

20 mixture thereof, and phosgene. 

Aromatic dihydric phenol sulfone resins can also be 
used as the aromatic polycarbonate. For example 
homopolymers of dihydric phenol, and a dihydroxydiphenyl 
sulfone and a carbonate precursor can be prepared. 

25 The Mixed Polyester Composition 

The amount of aromatic polycarbonate in the mixed 
polymer composition is effective to improve at least the 
melt flow strength of the mixed polymer composition. 
Suitable amounts of the aromatic polycarbonate range 

30 from 0.05 wt . % to 10 wt . % aromatic polycarbonate based 

on the weight of the mixed polymer composition. However, 
we have found that amounts of aromatic polycarbonate 
ranging from 0.1 to less than 2.0, more preferably 1.5 
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wt.% or less, based on the weight of the mixed polymer 
composition, are effective to obtain a mixed polymer 
composition having excellent melt flow strength and 
impact strength when thermof ormed into articles. When 
5 the amount of 1.5 wt.% is met or exceeded, further 

improvement in melt flow strength and impact strength is 
not observed to an extent justifying its inclusion in 
these excessive amounts, and. at higher loadings with 
respect to some formulations, one might even observe a 

10 deterioration in melt flow strength as observed by an 

increase in foam density and a decrease in foam 
thickness. In the most preferred embodiment, the amount 
of aromatic polycarbonate is from 0.2 to 1.0 wt.% based 
on the weight of the mixed polymer composition. 

15 In another embodiment of the invention, the mixed 

polymer composition comprises at least a polyester 
composition which consists of polyester polymers in an 
amount of at least 90 wt.%, more preferably 97 wt.% or 
more, based on the weight of all polymers in the mixed 

20 polymer composition, the polyester polymers comprising 

crosslinked polyester . polymers ; and an aromatic 
polycarbonate polymer in an amount of from 0.01 to less 
than 1.5 wt.% based on the weight of the mixed polymer 
composition. In this embodiment, the polyester polymers 

25 are the reaction product of from 0.01 to . 1 . 0 mole 

percent of the crosslinking agent. 

Another advantage of the invention lies in that the 
mixed polymer composition remains essentially as a blend 
of the crosslinked polyester and the aromatic 

30 polycarbonate even at extrusion processing temperatures, 

which exceed the melt temperature of the resins, based 
on LC mass-spectrometer analytical techniques. 
Analytical screening of the- articles produced after foam 
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extrusion using an LC mass-spectrometer failed to detect 
the presence of transesterif ication products between the 
polyester and the polycarbonate, indicating that the 
polyester and the polycarbonate remain substantially as 
5 a blend throughout their processing life without, the 

production of detectable by-products. 

Any method of blending is appropriate. One 
convenient method comprises precompouding by blending 
the polyester and polycarbonate resins and other 
10 ingredients in powder or granular form, extruding the 

blend and comminuting into pellets or other suitable 
shapes. The ingredients are combined in any usual 
manner, e.g., by dry mixing or by mixing in the melted 
state in an extruder, on a heat mill or in other mixers. 
15 An alternative method of blending can comprise preparing 

a preblend of the polyesters and then adding the 
polycarbonate and other ingredients and additives to the 
preblend at the extruder used to make a foamed sheet. 
Alternatively, each ingredient can be added separately 
20 by hopper at the foam extruder. 

The other ingredients that may be included within 
the meaning of a mixed polymer composition include other 
hydrocarbon polymers and oligomers having only carbon, 
hydrogen, oxygen, and nitrogen, such as nucleating 
25 agents, but not impact modifiers. While some nucleating 

agent packages may include small amounts of polymers 
containing halogen atoms, these polymers are included 
within the meaning of a nucleant and within the scope of 
a mixed polymer composition. 
30 The Foamable Composition 

To the mixed polymer composition may be added those 
other additives which are not polymers or oligomers 
exclusively made of carbon, oxygen, hydrogen,- and 
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nitrogen, such as blowing agents, fillers, flame 
retardants, uv- and other stabilizers, impact . modifiers , 
anti-oxidants, drip retardants, dyes, pigments, 
colorants, antistatic agents, plasticizers and 
5 lubricants. These additives are known in the art, as are 

their effective levels and methods of incorporation. 
Their amounts vary depending upon the type of additive, 
but generally, the mixed polymer composition will 
comprise "at least 40 wt . % of all the ingredients used to 

10 make an foaming composition, preferably at least 80 

wt.%, more preferably at least 95 wt.%. . 

The type of blowing agent used to foam the polymer 
is not limited. Common physical blowing agents include 
nitrogen gas, carbon dioxide gas, halogenated gases, 

15 propane, butane, pentane, hexane, helium,, neon, argon 

and krypton. Inert gases can be used in extrusion 
foaming, and are preferred because of their handling 
ease, environmental friendliness, and reduced cost. 

Other physically active blowing agents are those 

20 which boil at extrusion temperatures or less. These 

include volatile non-halogenated hydrocarbons having two 
to seven carbon atoms such as alkanes, alkenes, 
cycloalkanes having up to 6 carbon atoms, dialkyl 
ethers, cycloalkylene ethers and ketones; 

25 . hydrochlorof luorocarbons (HCFCs) ; hydrof luorocarbons 

(HFCs) ; perf luorinated hydrocarbons (HFCs) ; fluorinated 
ethers .(HFCs); and decomposition products. Specific 
examples include butane, isobutane, 2 , 3 .dimethylbutane, 
n- and isopentane and technical-grade pentane mixtures, 

30 cyclopentane, n- and isohexanes, cyclohexane, n- and 

isoheptanes, n- and isooctanes, n- and isononanes, n- 
and isodecanes, n-. and isoundecanes , and n-. and 
isododecanes, and in particular cyclopentane and/or 
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pentane. Perf luorocarbons or fluorinated ethers include 
hexaf luorocycloprop.ane (C-216) ; octaf luorocyclobutane 
(C-318); perf luorotetrahydrof uran; perf luoroalkyl 
tetrahydrofurans; perf luorof uran; perf luoro-propane, 
-butane, -cyclobutane, -pentane, -cyclopentane, and 
-hexane, -cyclohexane, -heptane, and -octane; 
perf luorodiethyl ether; perf luorodipropyl ether; and 
perf luoroethyl propyl ether. Suitable hydrof luorocarbons 
include dif luoromethane (HFC-32) ; 1,1,1,2- 
tetrafluoroethane (HFC-134a).; 1,1,2, 2-tetraf luoroethane 
(HFC-134) ; 1, 1-dif luoroethane (HFC-152a ) ; 1,2- 
dif luoroethane (HFC-152) , trif luoromethane; pentafluoro- 
propane (245b); heptaf luoropropane (R-227a) ; 
hexaf luoropropane (R-136) ; 1, 1, 1-trif luoroethane; 1,1,2- 
trif luoroethane; fluoroethane (R-161); 1,1,1,2,2- 
pentaf luoropropane; pentaf luoropropylene (R-2125a) ; 
1, 1, 1, 3-tetraf luoropropane; tetraf luoropropylene (R- 
2134a); dif luoropropylene (R-2152b) ; 1,1,2,3,3- 
pentafluoropropane; and 1, 1, 1 , 3, 3-pentaf luoro-n-butane . 
One may also use chemical blowing agents which decompose 
on heating to release a gas such as N 2 or H 2 . Examples 
include hydrazine derivatives such as azocarbanoamide , 
5-phenyltetrazole, sulfonly hydrazide, sulfonyl 
semicarbazide and sodium borohydride. 

In addition to blowing agents, foaming nucleating 
agents can be used, such as glass, talc, silica and 
mica. These agents have a lower specific gravity than 
metals, are inexpensive because they are mass produced, 
and stable qualities of uniform particle size are easily 
obtainable. These nucleating agents may be used either 
singly or in combination. Other foaming aids include 
organic acids, Ca, Zn, Mg, Ba, Al, Pb and Mn salts of 
organic acids, and organic acid esters. 
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The amount of blowing agent is determined primarily 
by the desired sheet density and the efficiency of the 
blowing agent used. In general, the amount of blowing 
agent ranges from 1 pbw (part by weight) to 10 pbw based 
5 on 100 pbw of the mixed polymer composition. The amount 

of blowing agent when using the mixed polymer 
composition can be reduced to make a foam sheet of the 
same density as compared to a foam sheet made without a 
crosslinked polyester or without an aromatic 
10 polycarbonate. 

To the mixed polymer composition may also be added 
flame retardants as needed. Examples of suitable 
phosphate flameproof ing agents are tricresyl phosphate, 
tris (2-chloroethyl) phosphate, tris (2-chloropropyl) 
15 phosphate, and tris (2 , 3-dibromopropyl) phosphate. In 

addition to these halogen-substituted phosphates, it is 
also possible to use inorganic or organic flameproof ing 
agents, such as red phosphorus, aluminum oxide hydrate, 
antimony trioxide, arsenic oxide, ammonium polyphosphate 
20 (Exolit Registered TM ) and calcium sulfate, molybdenum 

trioxide, ammonium molybdate, ammonium phosphate, 
. pentabromodiphenyloxide, 2, 3-dibromopropanol, 
hexabromocyclododecane , dibromoethyldibrornocyclohexane , 
expandable graphite or cyanuric acid derivatives, e.g., 
25 melamine, or mixtures of two or more flameproof ing 

agents, e.g., ammonium polyphosphates and melamine, and, 
if desired, corn starch, or ammonium polyphosphate, 
melamine, and expandable graphite. 

To the mixed polymer composition may also be added 
30 fillers. Of the additives, fillers usually account for 

the largest weight percent of any additive. The amount 
of filler can range from 0 to 60 pbw based on 100 pbw of 
the mixed polymer . composition . Suitable fillers are 
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conventional organic and inorganic fillers and 
reinforcing agents. Specific examples are inorganic 
fillers, such as silicate minerals, for example, 
phyllosilicates such as antigorite, serpentine, 
hornblendes, amphiboles, chrysotile, and talc; metal 
oxides, such as kaolin, aluminum oxides, titanium oxides 
and iron oxides; metal salts, such as chalk, barite and 
inorganic pigments, such as cadmium sulfide, zinc 
sulfide and glass; kaolin (china clay), aluminum 
silicate and coprecipitates of barium sulfate and 
aluminum silicate, and natural and synthetic fibrous 
minerals, such as wollastonite, metal, and glass fibers 
of various lengths. Examples of suitable organic fillers 
are carbon black, melamine, colophony, cyclopentadienyl 
resins, cellulose fibers, polyamide fibers, 
polyacrylonitrile fibers, polyurethane fibers, and 
polyester fibers based on aromatic and/or aliphatic 
dicarboxylic acid esters, and in particular, carbon 
fibers. 

The filamentous glass that may be employed as a 
reinforcing agent in the present compositions is well 
known to those skilled in the art and is widely 
available from a number of manufacturers. Examples 
include "E" glass and "C" glass/ The filaments are made 
by standard processes, e.g., by steam or air blowing, 
flame blowing and mechanical pulling. The filament 
diameters generally range from about 0.003 mm to 0.15 
mm. Further, the glass fibers may also be treated with 
f unctionalized silicon compounds to improve interaction 
with the polymer matrix, as is well known to those 
skilled in the art. Functionalized silanes, especially 
alkoxy silanes may be useful in this regard. 

The length of the glass filaments is also not 
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10 



15 



critical. However, in preparing molding compositions it 
is convenient to use the filamentous glass in the form 
of chopped strands of from about 0.03 to about 25 mm 
long. In articles molded from the compositions on the 
other hand, even shorter lengths will be encountered due 
to fragmentation during compounding. 

In particular, it is preferred to used micro glass 
fibers having an aspect ratio of greater than 1000, more 
preferably from about 2000 to about 5000, with a mean 
fiber diameters of 1 micron or less in order to increase 
the apparent melt strength viscosity of the mixed 
polymer composition at low or no shear, as well as lower 
its apparent melt flow viscosity at higher shear rates. 

Impact modifiers may also be added. Impact 
modifiers generally comprise an acrylic or methacrylic 
grafted polymer of a conjugated diene or an acrylate 
elastomer, alone, or copolymeriz.ed with a vinyl aromatic 
compound. On type of impact modifier is the core-shell 
polymer of the type available from Rohm & Haas, for 
example, those sold under the trade designation Acryloid 
®. In general these impact modifiers contain units 
derived from butadiene or isoprene, alone , or in 
combination with a vinyl aromatic compound, or butyl 
acrylate, alone or in combination with a vinyl aromatic 
25 compound. The aforementioned impact modifiers are 

believed to be disclosed in Fromuth et al . , U.S. Pat. 
No. 4,180,494; -Owens, U.S. Pat. No. 3,808,180; Farnham 
et al., U.S. Pat. No. 4,096,202; and Cohen et al . , U.S. 
Pat. No. 4,260,693. 

The impact modifier may comprise a two-stage 
polymer having either a butadiene or butyl acrylate 
based rubbery core and a. second stage polymerized from 
methylmethacrylate alone, or in combination with 



20 



30 
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styrene. Also present in the first stage are 
crosslinking and/or graftlinking monomers. Examples of 
the crosslinking monomers include 1,3-butylene 
diacrylate, di vinyl benzene and butylene dimethacrylate . 
5 Examples of graftlinking monomers are allyl acrylate, 

allyl methacrylate and diallyl maleate. Additional 
impact modifiers are of the type disclosed in U.S. Pat. 
No. 4,292,233. These impact modifiers comprise, 
generally, a relatively high content of a butadiene 
10 polymer grafted base having grafted thereon 

acrylonitrile and styrene. Other impact modifiers 
include, but are not limited to ethylene vinyl acetate, 
ethylene ethylacrylate copolymers, SEBS (styrene- 
ethylene-butylene styrene) and SBS (styrene-butadiene- 
15 styrene) block copolymers, EPDM (ethylene propylene 

diene monomer) and EPR (ethylene propylene rubber) 
copolymers, etc. All of these are well known to those 
skilled in the art and are available commercially. 

The mixed polymer composition of the invention can 
20 be blended with other thermoplastic polymers. Examples 

of other polymers suitable for blending include 
elastomers, polycarbonate, other types of polyester 
thermoplastics,' polyethylene, polypropylene, ethylene- 
propylene copolymers, ethylene-vinyl acetate copolymers, 
25 polyamides, polystyrenes, styrene-butadiene copolymers, 

styrene-butadiene-acrylonitrile copolymers, styrene- 
acrylonitrile copolymers, polyurethanes, f luoroplastics , 
polyphenylene oxides, polyphenylene sulfide, 
polybutadiene, polyolefin halides, vinyl polyhalide, 
30 butyl rubbers, silicone rubbers, and graft copolymers of 

polyacrylates . 

In accordance with a process of the invention, a 
foamable composition comprising a mixed polymer 
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composition is extruded under process conditions 
effective for the formation of a closed cell foam. More 
specifically, the closed cell polyester polymer foam of 
the invention can be produced by a process which 
comprises: (1) feeding the mixed polymer composition 
along with optional additives into an extruder, 
preferably a melt extruder to conduct melt-mixing, (2) 
incorporating a blowing agent into the resulting molten 
mixture while in the extruder, preferably while in the 
melt extruder, and- (3) extruding the mixture out of a 
die, preferably an annular die, to form a cellular 
polyester foam, preferably in the form of a sheet in a 
continuous fashion. * 

Any extruder can be used. The process can be 
carried out by a plasticating extruder or a single or 
twin screw melt extruder. The screws extrude, from a 
metal die, the molten thermoplastic resin containing the 
cells having the inert gas uniformly dispersed therein 
to continuously form a sheet in an intended shape. A 
single-screw extruder is used in most cases. However, in 
some cases, a twin-screw extruder or a multiple screw 
extruder having substantially the same function,, is 
desirable. 

The mixed polymer composition and the additives may 
be premixed or separately fed into the extruder hoppers. 
The mixed polymer composition itself may be preblended 
or fed into the extruder through its individual 
components . . The order of blending or addition to the 
extruder is not limited. For example, the aromatic 
polycarbonate may be pre-blended with a nucleating agent 
and fed into the extruder through a hopper, along with 
the polyester composition fed through a separate hopper. 
Alternatively, the aromatic polycarbonate and the 
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polyester composition may be pre-blended and fed into 
the extruder through a single hopper. 

The mixed polymer composition along with optional 
additives are mixed and heated in a solid transfer zone 
5 and then sent to a melting zone. The melting zone is 

maintained at a temperature higher than a melting point 
of the molten resin and causes melting, suction- 
discharging and mixing at the same time. The molten 
resin is carried to a melt transfer zone. In the melt 
10 transfer zone, the blowing agent is forced into the 
molten resin, and sufficient mixing is conducted to 
uniformly disperse the blowing agent throughout the 
molten resin. Since the resin fed from the melting zone 
into the melt transfer zone which is designed to have a 
15 slightly lower temperature, it has a higher melt 

viscosity in the melt transfer zone. This prevents the 
blowing agent from flowing back through the extruder and 
escaping through the hopper. The blowing agent may be 
fed as a gas or a liquid or generated in situ by the 
20 decomposition of a chemical blowing agent. 

The molten mixed polymer composition along with the 
blowing agent and optional additives (extrudate) are 
usually extruded from the sheet- forming die using a 
metering pump. The metering pump and the sheet-forming 
25 die are kept at a temperature which maximizes the 

polymer melt strength. It is preferred to extrude a tube 
that can allow slit opening and thermoforming, using a 
circular or annular die. Other configurations such as a 
flat sheet die can also be used. The resulting foamed 
30 polyester sheet is cooled by air cooling, water cooling 
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suited to make a closed cell polymer comprising the 
mixed polymer composition comprising the crosslinked 
polyester polymer and the aromatic polycarbonate 
polymer. The closed cell foam of the invention can be 
5 produced as low density sheets having a small, uniform 

cellular morphology while retaining high impact strength 
when thermoformed into articles. The free rise density 
of the closed cell foam is not particularly limited, but 
advantageously is from 0.5 g/cc or less, and is 
10 advantageously 0.5 g/cc or less as a thermoformed closed 

cell foam. Preferably, the free rise density of the 
- closed cell foam is 0.30 g/cc or less. The density will 
usually exceed 0.01 g/cc. The combination of a lower 
density, and retention or improvement in impact strength, 
15 or the combination of lower density and high melt 

strength, is unexpectedly present in the closed cell 
polymer of the invention compared to a comparable closed 
cell foam made with the same amount and type of 
ingredients but with a linear polyester or. without the 
20 aromatic polycarbonate. Accordingly, the density of the 

closed cell foam, even a thermoformed closed cell foam, 
can be reduced by 10% or more, even 15% or more, most 
preferably '20% or more, compared to a cellular polymer 
made with the same ingredients except without the 
25 crosslinked polyester or without the aromatic 

polycarbonate. . 

.The closed cell foams . of the invention will 
generally have a mean cell diameter in the. range of 150 
fim to 250 jim. The cells are substantially uniformly 
30 distributed throughout the foam sheet in this range. The 

closed cell foam has a closed cell content of at least 
70%, more preferably at least 80%, most preferably at 
•least 85% . ■ . . . 
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The thickness of the closed cell foam is not 
limited, but is generally in the shape of a sheet 0.13 
to 50.8 mm (5 to 2000 mils) thick. For many 
applications, the closed cell foam thickness will range 
from 0.76 to 51 mm (30 to 200 mils). The closed cell 
foams of the invention can be made to thicker sheets 
using the mixed polymer composition of the invention 
than can be made using the same composition- with the 
same amount and types of blowing agent and other 
additives except without an aromatic polycarbonate or 
with a linear polyester. Without being limited to a 
theory, it is believed that the enhanced melt strength 
attributable to the aromatic polycarbonate-crosslinked 
polyester combination prevents cell walls from 
rupturing, thereby promoting greater uniformity among 
cell sizes, density reduction, and a larger number of 
cells* formed to provide a thicker foam. 

The impact strength of the closed cell foam is 
improved over a closed cell polymer made with the same 
types and amounts of ingredients but with a linear 
polyester or without an aromatic polycarbonate, in 
whatever form, whether as a sheet or thermof ormed . We 
have observed a 20% or more improvement in room 
temperature DYNATUP impact strength in thermoformed 
closed cell foams of the invention measured at the same 
thickness against comparative thermoformed closed cell 
foams made with the same amount and type of ingredients 
except with a linear polyester or without an aromatic 
polycarbonate. Since the foamed sheets of the invention 
can be made substantially thicker, the improvement in 
DYNATUP impact strength can be 40% or more, even 50% or 
more, when measured as a thermoformed article, compared 
to a an article thermoformed under the same conditions 
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but which is. made with a linear polyester composition or 
made without the aromatic polycarbonate. At the colder 
temperature of -20°C / the DYNATUP impact strength of the 
closed cell polymer, whether as a sheet or thermof ormed, 
5 is also improved, often by as much as 30% or more, 

compared against a comparable foam as described above, 
at the same thickness. The improvement in impact 
strength may be 40% or more. 

In another embodiment, the closed cell foams of the 
10 invention have an improved ratio of impact strength to 

density. In another embodiment of the invention, the 
ratio of DYNATUP impact strength in pounds at room 
temperature to the density of thermoformed closed cell 
polymers measured in g/cc is at least 100:1, and more 

15 preferably is at least 120:1, without fillers or 

reinforcing agents. Measured at -20°C in another 
embodiment, the ratio of the DYNATUP impact strength in 
pounds to the density of the closed cell foam of the 
invention in g/cc is at least 40:1, more preferably at 

20 least 50:1. These values represent a significant 

improvement over comparable closed cell foams as 
described above. 

The improvement in melt strength can be detected by 
the degree of die swell in an extrusion process. We have 

25 observed a 10 fold increase or more in die swell when 

extruding the composition of the invention compared to 
comparable compositions as described above. In some 
cases, the die swell may increase by 25 fold or more 
using the composition of the invention. In some cases, 

30 the die opening is increased to alleviate pressure 

increases in the extruder due to the increased die 
swell. ; ' 

The closed cell foam of the invention can be 
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thermof ormed into a heat-set thin article with an 
ordinary thermof orming device. Such thermof orming method 
comprises: 1. a step of preheating the foamed polyester 
sheet until it is softened, and positioning it in a 
5 mold, 2. a step of pressing the preheated sheet onto a 

heated mold surface, 3. a step of contacting the sheet 
with the heated mold for a time sufficient to advance 
the crystallization of the polyester and heat-set the 
sheet, and 4. a step of withdrawing the sheet from the 
10 cavity of the mold. 

The articles made using the mixed polymer 
composition of the invention are not limited. The mixed 
polymer compositions can be used to make non-foamed and 
foamed articles, but are well adapted for extrusion into 
15 thermof ormable foamed sheets thermof ormed into articles . 

Examples of suitable articles and applications are food 
and oven trays, cups, and plates, each optionally and 
preferably foamed, on which food or liquid is heated by 
radiant, convection, or microwave energy; utensils, 
20 boxes, pipes, cards, yarns, fibers, films, beverage 

bottle preforms and monoaxial or biaxial stretch blow 
moldings such as beverage bottles, photographic and 
packaging films, interior articles, parts for machines 
and automobiles, building insulation, and flotation 
25 devices such as surfboards and boat hull foams. 

The invention is now further illustrated by way of 
non-limiting examples. 
WORKING EXAMPLES 

PET 1: is a branched polyester polymer obtained 

by reacting terephthalic acid with 0.2 
mole percent of pentaerythritol, based 
on the moles of terephthalic acid, the 
polyester having an intrinsic viscosity 
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of 1.2, containing 0.2 weight percent 
fumed silica 

is a branched polyester polymer obtained 
by reacting terephthalic acid with 0.15 
mole percent pentaerythritol , based on 
the mole percent of terephthalic acid, 
the polyester polymer having an 
intrinsic viscosity of 0.95, containing 
0.2 weight percent fumed silica 
is a branched polyester polymer obtained 
by reacting terephthalic acid with 0.05 
mole percent of pentaerythritol, based 
on the moles of terephthalic acid, the 
polyester polymer having an intrinsic 
viscosity of 0.95, containing 0.2 weight 
percent fumed silica 
is a branched polyester polymer 
commercially available from Shell 
Chemical Company as TFF 2928 obtained by 
reacting terephthalic acid with 0.2 mole 
percent pentaerythritol, based on the 
moles of terephthalic acid, having 
intrinsic viscosity of 1.2, and 
containing no fumed silica 
is a linear polyester polymer having 
intrinsic viscosity of 0.95 commercially 
available from Shell Chemical Company as 
TFF 9506 

is a nucleant package commercially 
available from Shell Chemical Company 
is a linear polycarbonate resin 
commercially available from Bayer 
is a linear- polycarbonate resin - 
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commercially available from Bayer 
MAKROLON®3208 : is a linear polycarbonate resin having 

FDA approval, commercially available 
from Bayer 

MAKROLON® is a branched polycarbonate resin with a 

Kull239: melt flow of less than 2.5, FDA approved 

and targeted for blow molding, 

commercially available from Bayer 
LEXAN®141: is a linear polycarbonate resin 

commercially available from General 

Electric 

In each of the examples, the polyester polymer, 
both branched and linear, was processed through a twin 
screw extruder at different levels of polycarbonate 
5 resin to test the melt strength of the blend over the 

extruder die. The microcellular foam sheet extruded 
across the die was then thermoformed into BUNDT pans, 
which were subsequently tested for DYNATUP impact 
properties . 

10 In each of the examples, the extruded microcellular 

foam sheet was ZMD vacuum thermoformed in a metal BUNDT 
pan mold. The molding conditions are specified in each 
working example. 
Example 1 

15 In this example, a LIESTRITZ Micro 27 GL-32 twin 

screw extruder having 32L/D twin co-rotating screws was 
used to pre-blend and pelletize a polycarbonate resin 
and a nucleant package, RDN-1 as follows: MAKROLON® 
polycarbonate was fed from the main feeder at a rate of 

20 8.2 kg (18 pounds) per hour, and the RDN-1 nucleant 

package was fed from the K-2V auxiliary feeder at a rate 
of 5.4 kg (12 pounds) per hour. The extruder temperature 
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was set at a profile of 260-300°C. The extruder screw 
speed was set to 200 rpm. The resin was pelletized and 
dried at 90°C for 16 hours before proceeding to the next 
step. 

A microcellular foam sheet was prepared by the 
following procedure. The LIESTRITZ twin screw extruder 
was equipped with an EDS 20.3 cm (8 inch) flat die. The 
dried crosslinked PET 1 was fed into the extruder at the 
T-20 main feeder at a rate of 18.1 kg (40 pounds) per 
hour. The extruder screw speed was about 200 rpm and the 
temperature profile was about 260-300°C. Simultaneously, 
the K-2V auxiliary feeder having a single screw 
delivered 0.54 kg (1.2 pounds) per hour of the 
pelletized linear polycarbonate resin-RDN-1 nucleant 
package at the feed port of the extruder to make a mixed 
polyester composition containing 1.8 weight percent of 
the polycarbonate resin. Nitrogen gas blowing agent was 
injected into the molten mixed polyester composition at 
zone 8 at a gas rate of 0.1 standard liters per minute 
(SLM) . A sample of the extruded foam sheet was collected 
for characterization. The die swell/expansion was so 
large, 25X, that the foamed sheet could not be rolled 
up. This extremely large die swell/expansion indicated 
that the branched PET/polycarbonate resin blend 
possessed a high melt strength. The density of the 
resulting foam sheet was reduced over the expected 
density using linear polyesters and the same amount of 
blowing agent and nucleant. 

The foam sheet was examined under a microscope at a 
magnification of 100X. The cellular structure of the 
foam sheet was uniform, round, and closed, with a mean 
diameter of about 120 microns. Further characterization 
of the foam sheet made with the branched PET and 
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polycarbonate revealed the following: 

Table 1 



Test 


Foamed PET with PC 


IV 


1.16 


COOH 


5 


Density, g/cc 


0.31 


Thickness, mm (inch) 


12.7 (0.5) 


T m , °C 


246.1 


Crystallization half time, T H sec 


41.3 


Percent crystallinity 


27.8 



Example 2 

The same procedure used in Example 1 was used in 
Example 2. The polycarbonate/RDN-1 pellet was made by 
5 adding MAKROLON® 114 3 feed at 9.1 (20 pounds) per hour 

from the main T-20 feeder and RDN-1 from the K-2V 
auxiliary feeder at 10.9 kg (24 pounds) per hour and at 
a temperature profile of 260-280°C with an extruder 
screw speed of 200 rpm. The resultant 1:1.2 PC/RDN-1 

10 blend was pelletized and used in the next step. 

Microcellular foam sheet was produced according to 
the same procedure as in Example 1. In this example, PET 
1 was fed from the main feeder T-20 at a rate of 22.7 kg 
(50 pounds) per hour. For the control run, the auxiliary 

15 - feeder K-2V delivered only the nucleant package RDN-1 at 
a rate to yield 1.2 weight percent RDN-1. The extruder 
temperature profile was set from 269-290°C, and the ' 
screw speed was set to 250 rpm. The control sheet was 
collected at 5.2 meter/minute (17 fpm) and results of 

20 its characterization are shown below in Table 1. 

In a second run, the branched polyester PET 1 was 
also fed at a rate of 22.7 kg (50 pounds) per hour, 
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1:1.2 PC/RDN-1 pellets at a rate of 0.50 kg (1.1 pounds) 
per hour to achieve a 1 weight percent polycarbonate 
content and a 1.2 weight percent RDN-1 content. 

In each of these runs, an annular die with 3.3 cm 
(1.3 inch), 70° lips were used. Nitrogen gas blowing 
agent was injected in each run into the molten mixed 
polyester composition into the last 1/3 of the extruder 
at a gas rate of 0.1-0.5 SLM. 

The effect of adding 1 percent polycarbonate to the 
branched PET was a noticeable increase in the polymer 
melt viscosity, which necessitated a 5 percent increase 
in a die opening at the extruder head to alleviate the 
pressure increase in the extruder. After the foam sheet 
was characterized, it's DYNATUP impact strength was 
tested by thermof orming the sheet on a ZND vacuum 
molding machine under the following conditions: sheet 
temperature was raised to 157°C, the mold temperature of 
199 °C for 11 seconds, and the oven temperature was set 
at 102°C for 5.6 seconds. The results are set forth in 
Table 2. 



Table 2 



Material 


IV 


Density 

(g/cc) , 

Free Rise 


Thickness, 
mm (mils) 


Impact, N 
(lb. ) at 
Ambient Temp. 


PET 1 + 0 wt.% 
PC (Control) 


0.924 


0.428 


0.254 (10) 


14.7 (3.3) 


PET 1 +1 wt.% 
PC 


1. 062 


0.412 


0.254 (10) 


33.8 (7.6) 



The results indicate that the impact strength of 
the thermoformed part made by adding as little as 1 
weight percent of polycarbonate resin to a branched 
polyethylene terephthalate resin more than doubled over 
the same polyester resin made in the absence of the 
aromatic polycarbonate. The melt viscosity of the resin 
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was also dramatically improved upon addition of 1 weight 
percent polycarbonate resin, so much so that the die 
opening had to be increased to alleviate the pressure 
increase in the extruder, 
5 Example 3 

In this example, the processing conditions of 
Example 2 were used, including the manufacture of the 
polycarbonate/RDN-1 blend at a 1:1.2 ratio, 
respectively, the preparation of the control, and the 

10. use of MAKROLON® 1143 linear polycarbonate resin. The 

difference in this example, however, was that PET 2 was 
used as the polyester resin- This polyester resin 
■j contained a lower amount of reacted crosslinking agent 
than PET 1, as well as a lower intrinsic viscosity. 

15 In this example, the control, prepared without any 

polycarbonate resin, was very difficult to manufacture 
as a continuous foam sheet across the cooling can due to 
its marginal melt strength. The extrudate tended to tear 
across the cooling can at different intervals, rather 

20 than flow easily across the annular die to make a 

continuous foam sheet. The addition of 1 weight percent 
polycarbonate resin, however, had the same dramatic 
effect as in Example 2, and it became much easier to 
form and take up a continuous foam sheet. Samples from 

25 both sheets were characterized, and subsequently vacuum 
thermoformed as an Example 2 to test their impact 
strength. The results are set forth in Table 3. - 



Table 3 



Material 


Thickness, 
mm (mils) 


Density, g/cc, 
free rise 


Impact N (lb.) 
at Ambient 


PET 2 + 0 wt.% PC 
(Control) 


0.43 (17) 


0.369 


30.2 (6.8) 
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10 



15 



20 



25 



30 



The results again indicate an improvement - in 
DYNATUP impact strength by employing an aromatic 
polycarbonate in an amount as little as 1 weight 
percent, compared to the same thermof ormed polyester 
having no polycarbonate resin. 
Example 4 

In this example, pellets of polycarbonate/RDN-1 
were prepared on the LIESTRITZ extruder at a PC/RDN-1 
ratio of 10:1.2. The polycarbonate feed was delivered at 
a rate of 13.6 kg (30 pounds) per hour oh the main T-20 
feeder and was combined in the extruder with the RDN-1 
at a rate of 1.6 kg (3.6 pounds) per hour fed from the 
auxiliary K-2V feeder. The extruder temperature profile 
was set to 260-280°C. The material was pelletized and 
dried under, vacuum at 90°C for 16 hours before using it 
in the next step making a foam sheet. 

The microcellular foam sheet was prepared as 
follows: dried PET 3, containing only 0.05 percent mole 
percent pentaerythritol and possessing an intrinsic 
viscosity of 0.95, was fed from the main feeder T-20 at 
a rate of 18.1 kg (40 pounds) per hour. 

In the preparation of a control without the 
polycarbonate, where only 1.2 weight percent of RDN-1 
was simultaneously fed from the auxiliary feed, it was 
impossible to make a continuous foam sheet using the 
extruder conditions described in Example 2. It was 
plainly evident that the crosslinked polyester resin 
alone did not possess sufficient melt strength to be 
pulled across an annular die without continually ripping 
and tearing.. In a second run, the dried PET 3, also fed 
from the main feeder at 18.1 kg (40 pounds) per hour, 
was combined in the extruder with the PC/RDN-1 pellet 
blends delivered at a rate of 2.0 kg (4.4 pounds) per 
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hour, to obtain a final polycarbonate loading of 10 
percent. Unlike the control, the extrudate could be 
pulled across the annular die to form a continuous 
microcellular foam sheet. The sheet is characterized, 
5 and subsequently thermoformed as an Example 2 into a 
tray. The DYNATUP impact of the thermoformed part was 
also tested. The results are reported in Table 3. 



Table 4 



Material 


Density, g/cc 


Impact, N (lb.) 
at Ambient 


PET 3 + 0 wt.% PC 
(Control) 






PET 3 + 10 wt.% PC 


0.50 


24.9 (5.6) 



10 This example shows that it is possible to use 

polycarbonate to enhance the properties of a marginally 
crosslinked PET having a low intrinsic viscosity, as 
well as prepare molded trays with acceptable properties. 
It is significant that in the absence of polycarbonate, 

15 no continuous foam sheet could be produced using a 

polyester having this low level of crosslinking agent. 
However, the addition of an aromatic polycarbonate 
significantly enhances the melt strength, even of 
polyester resins containing low levels' of crosslinking 

20 agent. 

Example 5 

This example is illustrated to demonstrate that the 
combination of an aromatic polycarbonate with a linear 
PET cannot be used to succesfully extrude a continuous 
25 foam sheet. In this control example, the processing 
conditions of Example 2 were used. PET 5, a linear 
polyester, was used along with 1.0% of an aromatic 
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Nitrogen gas in the amount decribed in Example 2 was 
used. 

The polyester composition could not be extruded 
across the annular die without ripping. Of the small 
5 segments of sheet that were made, the appearance of the 

sheet was open-cell, lace like, with a cheese cloth 
appearance having no mechanical properties and useless 
for any thermoformed application. 
Example 6 

10 In each of the runs in this example, a LIESTRITZ 

Micro 27 extruder with 40L/D co-rotating screws was used 
to prepare a microcellular foam sheet. The polycarbonate 
resin and the RDN-1 nucleant package were not preblended 
and pelletized, but rather fed as individual streams, 

15 the polycarbonate resin through the K-2V auxiliary 

feeder and the RDN-1 nucleant package through the Conair 
auxiliary feed. The main feeder T-20 equipped with one 
screw delivered the polyester resin. A melt pump and an 
annular die with 3.3 cm (1.3 inch),. 70° lips were used. 

20 The main feeder T-20 delivered PET 4 at a rate of 

13.6 (30 pounds) per hour. The extruder pressure varied 
with the amount of PC added. The amount of nitrogen gas 
delivered ranged from 0.1-0.4 SLM. The extruder 
temperature profile was set from 215-300°C. The 

25 extrudate temperature was about 258 °C. The sheet take up 

was set at a rate of about 1.5-2.1 meter/minute (5-7 
fpm) . The type of polycarbonate used is reported in 
Table 5. The rate of polycarbonate delivered was 0.20- 
0.41 kg (0.4 5-0.9 pounds) per hour. The rate of RDN-1 

30 added to the package delivered was 0.16 kg (0.36 pounds) 

per hour. 

A control made of PET 4 containing 1.2 weight 
percent of the RDN-1 nucleant package was prepared 



WO 



59/41603 



10 



- 39 - . k 

,use oi ^ 

■ window was 



to y 1 



ield a 



. the condition it 
d it «< e,,B " S«' M>1 „„1 



to 



attempts. 



the 



cont^ oUS thl 
and hi** 



sheet p** 

ughest g*»*- 

a for cha^ 0 
was select f 



best 



fer izati° n a " u " „ he result 



0 { 1.4 * 



tails) thxc 



5 bel 0VJ • 



B0NDT PanS , in Table - - R01) 

**** ,ightpe rcentR ; , ied in Table 



,1 and the » 



mount 



811 d accord^ t0 the n was observe even 

P reparg hiahdie sv,eU t . of aromatxc 

runs, a ^ h Qle percent) ° c reSl ns 

than ^ onS u3i»9 

.carbonate- AU . ^ca*>- _ 



5 was 



these 
counts Hess 



WO 99/47603 



-40- 



PCT/EP99/01790 



co 

CO 

u 
1-1 



0) 

CO u 

z \ _ 

U3 Ov<D 
Q — ' 



a> 



in 
in 



GO 



o 



CM 
O 



; cm 



OO 
CM 



O * 

4-> \ 

m co 
cc — 



CP ( 
<D Z M fj 
Ex} 



O S 



oil 



lO 

r-l 



o 



r- r- 



•2* 



to 



a: 



Cn | 

U B C 7T 

fl) 2 

CO 



i2 ^ 

o 3 



in 

d 3 



x X5 o 
►J 



^ co ^ co 



^a 1 



CM 



CO 



CM • 

in ih 



o 2, 



CM 

O 3 



CO 



ro w 

^ CO 



^ CM 
^ CO 



OO 

o 

CM 
CO 



C 

O oo 

i — I o 

o • 

U CM 

(_) CO 

2 



c 

° oo 
n ° 

2p! 

o 
s 



CTv 
CO 
CM 



u 
a. 

O 



Oi 



O 
+ 

CO U 

Ol Ol 



o 
+ 



pu a. 



<v 
x: 
o 
c 

(0 
CQ 



Oi Oj 



BNSDOCID: <WO 9947603A1_I_> 



WO 99/47603 



PCT/EP99/01790 



- 41 - 

PET has an inherently low melt strength, which 
contributes to poor foaming properties. Another 
shortcoming of PET is that it has poor impact strength. 
By adding a small amount of polycarbonate resin to a 
5 crosslinked PET, all of these shortcomings have been 
overcome . 

As noted in Example 5, linear PET cannot be 
extruded into a continuous foamed sheet. Even the 
addition of 1.0 wt.* of a polycarbonate to a linear PET, 

10 as noted in Example 5, was insufficient to enable the 
extrudate to process without ripping, and could not 
produce a closed cell foam or a foam of any use. As 
observed in Example 4, using solely a lightly 
crosslinked (0.05 mole%) and a low IV (0.95) PET was 

15 insufficient to create a melt which extrudes well and 
consistently from an annular die, over. a cooling can, 
and into a foamed sheet, due to its insufficient melt 
strength. As seen from the control in Example 6, 
increasing the amount of crosslinking, while sufficient 

20 to allow one to extrude continuous foam sheet with 
difficulty, could not produce a foam sheet of low 
density and a thermoformed article of high impact 
strength. 

It was only upon combining a crosslinked polyester 
25 with an aromatic polycarbonate that a die swell, a 
continuous thick low density foam sheet, and a 
thermoformed article having high impact strength were 
experienced. 

The results in Table 5 indicate that the addition 
30 of polycarbonate to a crosslinked PET reduced the 

density of the foamed product by as much as about 30%, 
compared to the Control in which only the crosslinked 
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melt strength, much thicker foamed sheets were made 
compared to the control. Accordingly, by adding 
polycarbonate to a crosslinked PET, less PET resin can 
be used to make a foamed sheet having the equivalent 
thickness as a foamed sheet made from a branched- PET . 
Further, at an equivalent thickness, the density of the 
foamed sheet made with polycarbonate and a crosslinked 
PET is substantially reduced over a foamed sheet made 
simply from crosslinked PET. 

The impact strength of the thermoformed sheets made 
with a crosslinked PET in combination with a 
polycarbonate, tested at both room temperature and at - 
20°C, was substantially improved over the thermoformed 
sheets made with crosslinked PET in the absence of 
polycarbonate. As indicated in Table 5, the impact 
strength of thermoformed sheets at room temperature and 
at -20°C made with crosslinked PET. and both linear and 
branched polycarbonate are substantially improved over 
the Control crosslinked PET. Unexpectedly, the 
crosslinked PET/polycarbonate thermoformed sheets had a 
better impact strength over the Control even though the 
PET polycarbonate thermoformed sheets had a lower 
density. And this improvement in impact strength was 
evident not only at lower densities, but also at 
equivalent sheet thicknesses of about 1.4 mm (55 mils) 
or thinner. Accordingly, foamed sheets can now be made 
at equivalent thicknesses with a simultaneous density 
reduction and improvement in impact strength. 

The results in Table 5 also indicate a steady 
increase in impact strength through 0.75% polycarbonate 
followed by leveling off and a decline at some point 
between 0.75% and 1.5% polycarbonate, the impact 
strength at 1.5% polycarbonate being nevertheless 
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CLAIMS 

1. A mixed polymer composition comprising: a) at least 
90 wt.% of a crystallizable polyester polymer 
composition consisting of polyester polymers, said 
polyester polymers comprising crosslinked polyester 

5 polymers, and at most 10 wt.% of one or more aromatic 

polycarbonate polymers, all amounts based on the weight 
of all polymers in the mixed polymer composition. 

2. The mixed polymer composition of claim 1, wherein 
the crosslinked polyester polymer comprises a reaction 

10 product of 0.01 to 5.0 mole% of a crosslinking agent 

based on the total moles of polyester polymer monomers . 

3. The mixed polymer, composition of claim 2, wherein 
the crosslinking agent comprises trimethylolpropane, 
trimethylole thane, pent aery thritol, glycerine, sucrose, 

15 or mixtures thereof, or wherein said crosslinking agent 

comprises trimesic acid, trimellitic acid, benzophenone 
tetracarboyxlic acid, pyromellitic acid, citric acid, 
the anhydrides of salts thereof, or mixtures thereof. 

4. The mixed polymer composition of anyone of claims 1 
20 to 3, wherein the composition comprises from 0.05 wt.% 

to 1.5 wt.% of the polycarbonate. 

5. The mixed polymer composition of anyone of claims 1 
to 3, further comprising a nucleating agent and 
optionally a filler, colorant, reinforcing agent, and/or 

25 an antioxidant. 

6. A foamable composition comprising a blowing agent 
and the mixed polymer composition of anyone of claims 1 
to 3 . 

7. The foamable composition of claim 6, wherein the 
30 amount of said mixed polymer composition comprises at 
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least 40 wt.% based on the weight of the foamable 
composition, said mixed polymer composition further 
comprising a nucleating agent comprising a polyolefin, a 
polyethylene polymer, a polyhaloethylene polymer, or 
- 5 mixtures thereof. 

8. A process for making a foamed polymer comprising 
extruding the foamable composition, of claims 6 or 7 
under process conditions effective- for the formation of 
a closed cell foam, wherein the manufacture of said 

10 closed cell polymer comprises (1) melt mixing the mixed 
polymer composition along with optional additives in a 
melt extruder; (2) incorporating a blowing agent into 
the resulting molten mixture while in the extruder to 
make a foamable composition, and (3) extruding the 

15 foamable composition through, over or across a die to 
form a closed cell polyester foam. 

9. A closed cell foam comprising a mixed polymer 
composition comprising: a) at least 90 wt.% of a 
crystallizable crystallizable polyester polymer 

20 composition consisting of polyester polymers, said 
polyester polymers comprising crosslinked polyester 
polymers, and at most 10 wt.% of one or more aromatic 
polycarbonate polymers, all amounts based on the weight 

Of all DOlvmers in the mixpri nnlvmpr rnmnrxs i +• i rm 
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